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A correlational analysis was used to assess the relative weight given to the levels of two monaurally
presented tone pulses for interpulse intervd@®s) ranging from 2—-256 ms. In three different
experimental conditions, listeners were instructed to discriminate the level of the first pulse, the
level of the second pulse, or the difference between the levels of the two pulses. The level of the
target pulse was chosen randomly and independently from trial to trial from a Gaussian distribution.
The level of the nontarget pulse was either fixed at 75 dB SPL or varied in the same manner as the
level of the target. In the tasks in which one pulse was to be ignored, listeners gave increasing
weight to the nontarget component as IP| decreased. Listeners weighted the level information in the
pulses appropriately only when the IPI approached 256 ms. When the listeners were instructed to
compare the pulse levels to one another, two of three listeners weighted the levels optimally at all
IPIs, while the third listener did so only at the longest IPI. For the two listeners who weighted the
pulses optimally, a minimum in performance was achieved at IPIs around 16—32 ms. Intensity
discrimination thresholds were also measured for one pulse in the presence of a second fixed pulse
for IPIs of 2—256 ms. Thresholds were higher in all the two-pulse conditions relative to a one-pulse
condition, and were dependent on the level of the nontarget pulse but not on IPI. The results indicate
that level information is integrated to some extent over fairly long durations, but not in a manner that
is consistent with simple temporal integration. ZD00 Acoustical Society of America.
[S0001-496600)02506-9

PACS numbers: 43.66.Mk, 43.66.F8PB]

INTRODUCTION changes (These hypothetical listening strategies represent

Auditory information is integrated or accumulated over 1€ ideal strategy for each situatipithe manner in which
time, a process which is exhibited in a number of ways. Inth€ l0oks are utilized is given by a weighting function that
particular, detection thresholds decrease with increasing Sigj_escrlbes the relative influence of each look on a decision. In
nal duration, and temporal resolution is limited by temporalorder to account for actual temporal integration data for the
integration' such that rapid Changes that occur in an acoustd.etection of Iong-duration stimuli, Viemeister and Wakefield
cal signal are combined or “smoothed over” by the auditoryproposed that listeners apply a weighting function in which
system. The “resolution-integration paradox” refers to theearly portions of the signal are given relatively little weight,
fact that studies of temporal resolution in the auditory systenwhile the relative weight increases for later portions of the
(e.g., Viemeister, 1979; Forrest and Green, 198herally  signal. Consistent with the notion that a long-duration stimu-
produce estimates of around 3 ms for the integration timelus is effectively processed as many short-term looks,
while studies of the detection of signals as a function ofviemeister and Wakefield found that detection thresholds for
duration yleld integration times on the order of hundreds Ofa Signa| Consisting of two 10-ms tone pu|SeS that are 100 ms
ms (e.g., Green, 1960; Green and Swets, 19€H#ten, this  apart are unaffected by the level of a 50-ms noise burst tem-

paradox is explained by assuming that there are two systerrb%ra”y centered between the tone bursts.
with different time constants, and that the system that is used Buus (1999 examined the multiple-looks hypothesis us-

depends on the particular listening tagBreen, 1985; de ing an analysis in which he computed the perceptual weight

Boe(}_198§.t d Wakefield1991) q itin| given to a number of discrete short-duration pulses that com-
Iemeister an akene broposed a muitiple- prised a signal to be detected. In a two-interval forced-choice

looks hypothesis to attempt to account for long-term tempo;[ask, the signal consisted of 25-ms, 1-kHz tone pulSesis

ral integration in a system with a short integration time. The tal 1998 O h trial. the levels of the sianal pul .
idea is that the auditory system accumulates many short-terft 2~ 6 n €ach tral, the Ievels ot the sighal puises in
“looks” at the signal, retains those looks in memory andthe signal interval were selected randomly and independently

selectively uses them as the basis for decisions. In order 0M a distribution with a particular mean level and a stan-
“selectively use” the looks, a listener might give equal con- dard deviation of either 3 or 6 dB, in separate conditions. In
sideration to the information in all look®.g., in detecting a Order to compute the weight given to a particular pulse, or
long-duration signaJ the listener might only attend to par- temporal look, the data were sorted into ten categories based
ticular looks while ignoring or discarding othefs.g., in de-  upon the level of that look on each trial. Thef? was plot-
tecting a signal at a particular temporal position in a noisyted as a function of the average squared intensity of the looks
backgroung, or the listener might compare looks to one an-in each of the ten categories. This was done separately for
other (e.g., in identifying a temporal pattern of loudnesseach temporal look. Thus for a signal consisting of six tem-
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poral segments, six different plots @f? vs intensity-squared temporal segments of the stimulus are relevant, does the pat-
were produced. Buus showed that the squared perceptutrn of perceptual weights indicate that listeners are able to
weight given to a particular look is proportional to the slopeignore the irrelevant information? Gilkey and Robinson
of the line through these data for the given look. In other(1986 computed weights for individual temporal segments
words, if a particular look is given a large perceptual weight,of a stimulus interval in which listeners were instructed to
its level on a given trial will have a large influence on the detect a 500-Hz tonal signal in a broadband noise masker.
detectability of the signal as a whole, adt? will vary to a  The 100-ms signal was approximately temporally centered in
large extent with intensity-squared, resulting in a relativelythe 148-ms masker, so that in a signal-bearing inte(ofl
large slope value for the line relatind’? to intensity- the single-interval, yes—no taskhere was a masker fringe
squared. On the other hand, if a particular look is given ngreceding and trailing the signal. This allowed the authors to
perceptual weight, then detectability of the signal will not compute weights for temporal segments of the stimulus that
depend upon the level of that look on any given trial, dh@l  did not contain the signal as well as those that contained both
will be unrelated to intensity-squardde., the function will  signal and noise. Generally, it was observed that listeners
have a slope of zejo either gave little weight to the leading masker fringe, indi-

Buus found that detection of the signal was based on anating that they ignored the initial temporal segment of the
optimal combination of the information in the individual stimulus, or listeners gave slightly negative weight to the
temporal looks. Each look was given approximately equaleading masker fringe, indicating that they compared the
weight by the listeners in detecting the signal, which is ap-noise-alone segment to later segments that might potentially
propriate given that each look was equally informative overcontain the signal. For all listeners, the perceptual weights
all because each look had the same distribution of levelsose during the first half of the signal, while the weights were
across trials. This result suggested that detectability of @nconsistent across listeners for the second half of the signal.
long-duration signal is based upon an optimal combinatiorRather large weights were computed for some listeners for
of the information in a number of shorter segments of thethe final segment of the interval, which also always consisted
signal, a result that Buus concluded was consistent with thef masker alonéthe trailing fringg. These results give some
general form of the multiple-looks hypothesis described byindication that listeners use, or are not able to ignore, tem-
Viemeister and Wakefield199J). It should be noted, how- poral portions of the stimulus that never contain the signal.
ever, that equal weights also would be computed for thén addition, the weights computed by Gilkey and Robinson
individual pulses of the signal if energy were integrated overgradually changed during the duration of the stimulus, while
the entire duration of the signal, that is, if the entire durationBuus (1999 computed weights that were essentially equal
of the signal actually were treated as a single “look” by the for the entire stimulus duration. The source of these differ-
auditory system.(In addition, somewhat different results ences is not clear. The maskers in both experiments were of
were obtained in a separate condition in which a second offtonger duration than the signals, resulting in temporal fringes
frequency masker was comodulated with the on-frequencpreceding and following the signals. One difference between
maskern. Similarly, in a sample-discrimination paradigm, these studies is that Gilkey and Robinson used a 100-ms tone
Lutfi (1990 asked listeners to discriminate changes in theas the signal while Buus used a number of 25-ms tone pulses
frequency, level, or duration of a sequence of pulses. Using @hich essentially resulted in an amplitude-modulated signal.
COSS(conditional on single stimulysanalysis to compute Furthermore, the weights computed by Buus were based on
observer weightg§Berg, 1989, Lutfi also measured essen- the intensity of only the signal in each temporal segment of
tially equal weights for all pulses, which for this task, as inthe stimulus. The intensity of the masker in each temporal
the detection task of Buud 999, is the optimal weighting segment, an additional source of variability in the computa-
strategy. tion of weights, was ignored.

One implication of the multiple-looks hypothesis is that Lutfi (1992 performed a sample-discrimination experi-
the listener accumulates information about a number ofment in which only one tone of a 10-tone sequence was
short-term looks in memory and the listener then can accesdentified as the target. A different sequence was presented in
selectively the information in the individual looks dependingthe two intervals of each trial, and listeners were instructed
on the task at hand. In other words, while Lutf®90 and to select the interval in which the level of the target was
Buus (1999 showed that the listener gives equal weight tochosen from an incremented distribution of levels. In a sepa-
the individual looks in a situation where all looks contribute rate condition, listeners made similar judgments about the
equally to the “signal,” the multiple-looks hypothesis would frequencies of the tones. Each tone in the sequence was 30
also predict that the listener can ignore the information inms in duration, rectangularly gated, with no gaps between
uninformative temporal segments of a stimulus. For exthe tones. In this task, the optimal weighting strategy is one
ample, as described earlier, Viemeister and Wakef{Ed®1) in which the listener gives no weight to the nine nontarget
showed that detection thresholds for a signal consisting ofones. Lutfi found that the specific form of the weighting
two 1-kHz tone pulses were unaffected by increases or ddunction depended upon the relative jitter applied to the tar-
creases in the level of noise during the time between the twget and nontarget tones. The target tone was given the great-
pulses. This seems to support the notion that relatively shorgst weight when its jitter was larger than that of the nontarget
temporally discrete elements of a stimulus can be used dones, and all tones were weighted nearly equally when the
ignored by the listener as necessary. jitter of the target tone was smaller than that of the nontarget

One question that arises is: In a task in which not alltones. In most cases, many of the nontarget tones were given
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nonzero weight. There was a tendency for the final tone in TIME —
the sequence, a nontarget tone, to be given slightly greatey o
weightqthan the other nontarget tones. ’ g Li=L,=75dBSPL H :

Another type of task for which the optimal weighting L= L= A ‘
strategy would involve unequal weights over time is one ins : ; / \ : L~ N
which the listener is required to make judgments as to the< : A : R
relative intensity of temporal segments of a signal, or, : )\ ] ./
equivalently, a task requiring the listener to judge the tem-
poral order of pulses with different leveldirsh, 1959;
Babkoff and Sutton, 1963; Ronken, 1970; Green, 19%8 CUE(;'I“)IEESVAL OBSERVATION INTERVAL
one such experiment, Gre€h973 asked listeners to judge
the temporal order of two 1-ms tonal pulses that differed inFIG. 1. A representation of a trial in which the levels of both the first and

intensity by 10 dB. He measured percent correct as a funcsecond pulses were varied. The first inter¢thle cue consisted of two
. . ._pulses with levels of 75 dB SPL. The second interithk observation in-
tion of the temporal separation of the pU|SeS for fl’(aqU(':‘ncu:"gervab consisted of two pulses with randomly and independently chosen

of 1, 2, and 4 kHz. Green found that for all frequenciesievels.(all Ls are in units of dB SPL.The IPI was fixed for an entire block
performance peaked at separations around 2—-4 ms, deftrials. Because the levels of the pulses were selected randomly and inde-
creased as the separation increased from 4 to 32 ms th@ﬁndently from trial to trial in certain experimental conditions, the changes
. d . th ti de | ' t in level of the two pulsegrelative to the cuemight be consistent with or
Increase . O_nce again as the separation was maae larger mosite to one another on any given trial in those conditions.
32 ms. Similar results were reported by Babkoff and Sutton
(1963. Green concluded that the nonmonotonic change in . S .
o : T segment of the stimulugthe target while ignoring level
performance with increasing temporal separation indicates .
o . . ._Changes in another temporal segméhie nontarget In a
that two distinct temporal processes are involved in the dis- . : SN . .
case such as this, the optimal weighting strategy is one in

;Llr;:ensatlon of the intensity of sequentially presented toneWhich all perceptual weight is given to the target and a

. . weight of zero is given to the nontarget. In another condition

Schlauchet al. (1999 performed a series of experiments Vel tofzero s given to the nontarget. in anot erco dition,
: " . listeners are asked to compare the level of the first pulse to
designed to assess the ability of listeners to access level in:- S . X
. o . the second pulse and to indicate which pulse has a higher

formation in discrete temporal elements of an auditory . . A : .
. . . . . ’level. In this case, the optimal weighting strategy is one in
stimulus. In each trial, a train of either three or four noise _, . : : ; .
. -which weights of equal magnitude but opposite sign are
bursts was presented to listeners. The levels of successive

bursts alternated between 60 and 80 dB SPL, with the Ievgqlven o the pulses. Weighting strategies are assessed as a

. . . nction of the temporal separation between the pulses.
of the first burst chosen at random. Listeners were mstructeéJ . : . . .
L . : eedback is provided to listeners in each condition.
to indicate whether the first burst was a low- or high-level
burst, and performance was measured as a function of th&. Methods

presentation rate of the bursts. In a second experiment, lis- All stimuli were composed of tone pulségescribed be-

teners were instructed to count the number of bursts in atraipjw) and were presented over headphones to the listener's
of equal-level noise bursts that varied in their rate of PreseNiat ear. Each trial. an example of which is shown in Fig. 1

tatlon_from trial to trial. No feedback was given in either consisted of two interval§esulting in a cued single-interval
e_xpenme_nt._ Schlaucht "’?'- reported that both experiments task. In the first interval(the cue, the first and second
yielded similar results: listeners were able to perform bo“bulses were both presented at their mean level. The pulses in

tasks_ for tl)O\;V st|]|:nulus prejentauzn ratéarget tﬁmpor?l . the cue were separated by the interpulse intefi¥) which
spacing}, but performance dropped as presentation rate Nvas determined by the specific condition that was being run.

creasedtempgral spacing decreas)eﬂfhe authors estimated The second intervalobservation intervalconsisted of two

the upper limit of temporal resolu.t|on as measured by the; ulses that were separated by the same IPI as the cue. The
ta§ks as a.b out 20 Hz, correspond!ng t'o a temporal separatl Bl for the cue and observation interval was the time between

(silent period of about 25 ms, which is in good agreement the offset of the first pulse and the onset of the second pulse.

with the data on temporal order judgment discussed abovep . \yere collected for IPIs of 2, 8, 16, 32, 64, 128, and 256
Experiment 1 examines in more detail the issue of th

perceptual weight given to discrete temporal elements of an The first and second pulses in the observation interval

auditory stim_ulus, more specifigally, th.e weighting strategiesnad levels that were randomly and independently chosen or
adopted by listeners when a stimulus is composed of a NUMpat were fixed at the mean level on each trial, depending on

ber of temporally discrete pulses and listeners are asked ttﬂe particular experimental condition. When the levels were

attend to the pulses in a number of different ways. The qu,eﬁ"andomly chosen, they were chosen from a Gaussian distri-

T ; . T %ution with a mean of 75 dB SPL. Thus when the levels of
strategies in an |nten_5|ty discrimination tas_k When_ the _rel oth the first and second pulses were randomly chosen, the
evance of short-duration segments of the stimulus is varledpulses might change level in the same or opposite directions
relative to the cue on a trial-by-trial basis.
All pulses were 1-kHz pure tones, 10 ms in duration,
In one set of conditions of this experiment, listeners arewith 5-ms raised cosine on—off ram|§8-ms steady stale
asked to discriminate changes in the level of one temporarhe level of each pulse was defined to be the level in dB SPL

PLITU

IPI 500 ms IPI

|. EXPERIMENT 1: PERCEPTUAL WEIGHTS
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of a continuous tone with the same peak amplitude. The cudependently from the Gaussian distribution. The levels were
and observation interval of each trial were separated by 500mited to a range of-2.5 standard deviations from the mean
ms of silence. The IPI and instructions to the listener weran order to avoid excessively high levels, producing overall
fixed during each 50-trial block. Twenty blocks were pre-ranges in level of 20 dB for listener S1 and 40 dB for the
sented to listeners for every IPI in each experimental condiremaining four listeners. If the randomly chosen levels
tion so that 1000 responses were obtained for each. In all offould produce a stimulus for which a correct response was
the conditions described below, feedback that was consistenndefined 0-dB change in level for the target, or equal levels
with the particular experimental condition was given to thefor the two pulses in the difference conditipmew levels
listener after each trial. were randomly chosen for the pulses.

Listeners were instructed to use the information in the  As a baseline measure of performance, percent correct
first and second pulses in a particular way in each experiwas also measured for a single pulse. In this case, th¢acue
mental condition. In one set of conditions, the first pulse wassingle pulse at the mean leyelas presented in the first
identified as the target. In this case, the listener was ininterval of each trial, followed by a single pulse with its level
structed to indicate whether the first pulse increased or deselected in the same manner as those in the variable level
creased in level relative to that of the cue by pressing one g¢onditions described above. Listeners were instructed to in-
two keys on a computer keyboard. The listener was indicate whether the second pulse was higher or lower in level
structed to ignore the second pulse in both intervals when théan the cue.
first pulse was the target. In one condition, the level of the ~ All stimuli were generated digitally on a NeXT com-
second pulse in the observation interval was fixed at its meauter and converted to analog signals using the NeXT’s 16-
level (75 dB SPL), and in a separate condition the level of bit D/A converters set to a rate of 44.1 kHz. The pulses were
the second pulse was selected randomly from a Gaussidtiesented monaurally over Sony MDR-V6 headphones to lis-
distribution with the same parameters as that of the firsteners seated in an IAC sound-attenuating chamber. Listen-
pulse. In this latter condition, the first and second levels wer@rs entered their responses on the computer keyboard and
selected independently. For convenience, these separate cofisual feedback was provided after each trial via the com-
ditions were called “target-1/fixed-2” and “target-1/ Puter monitor.
variable-2.” Listeners were run during 2-h sessions during which ap-

In another set of conditions, the second pulse was idenProximately 15—20 50-trial blocks were completed. As stated
tified as the target and the listener was instructed to indicatgreviously, 1000 trials were run for each IPI in each condi-
whether it increased or decreased in level relative to the culion. All trials of a particular condition were run before trials
while ignoring the first pulse. As above, the nontargfest ~ Of another type were presented.
pulse level was fixed at its mean level in one conditon  There were five listeners in the target-1 and target-2 con-
(“target-2/fixed-1"), and in a separate conditidrtarget-2/  ditions, an(_j.three of those listeners performed in the differ-
variable-1") the nontarget level in the observation interval €Nce condition. One listener was the first autt®D. Al
was selected from a Gaussian distribution with the same pgemaining listeners were undergraduate volunteers who were
rameters as that of the target. paid to participate in the experiment. The first author was

In a final condition, the difference condition, the listen- €XPerienced in listening to these types of stimuli and re-
ers were instructed to compare the two pulses in the obsefluired little training in order to become familiar with the

vation interval to one another and to indicate whether thd@sk. The remaining four listeners had little or no experience
second pulse was higher or lower in levélouder” or in these types of listening tasks and were run for several

“quieter” ) than the first pulse. In this condition, the levels of thousand trials before data collection began. In addition, lis-
the two pulses in the observation interval were always sel€N€rs were run in one or more blocks of practice trials in

lected randomly and independently. The fixed-level cue Cont_each condition before data were collected. All listeners ran

sisting of two pulses at the same IPI as the observation iniN€ conditions in the following order: target-1/fixed-2, target-
terval, was presented in this condition even though it may- variable-2, target-2ffixed-1, target-2/variable-1.  Within
not have been particularly useful to the listener. This wa£ach condition, stimuli were presented from the longest IP!
done so that the stimuli in this condition were statisticallyto the shortest IPI. The difference condition was run last,

identical to those in the target-1/variable-2 and target—ZIaISO frorE.t_he longest to shor’gest IPhI. Se\:jera}l rra]mdomly .cho-
variable-1 conditions. The difference condition was run ate"n conditions were repeated at the end o the expenment
the same IPIs as the previous conditions. and no changes in performance or weighting strategies were

In all conditions, when a pulse’s level varied from trial observed, indicating that there were no order effects present.

to trial, the level was selected randomly from a Gaussian

distribution with a mean of 75 dB SPL and a standard devia-

tion (in dB) chosen to yield approximately 90% correct for B. Results

the baseline intensity discrimination task for a single pulse in

isolation, determined by trial and error. To achieve this IeveIl Computation of observer weights
of performance, the standard deviation was set to 4 dB for"
listener S1 while it was set to 8 dB for the remaining four The data in the present experiments were analyzed using
listeners. For conditions in which the levels of both the firsta correlational analysigRichards and Zhu, 1994; Lutfi,
and second pulse were variable, the levels were sampled i1995. In this model, the listener’s responses are based on a
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decision variable that is the weighted sum of the changes iideal weighting strategy for a given condition. Given the
level of the individual componeni& this case, the first and method of normalizing the observer weights used here, the
second pulses weights will fall in the range from—1.00 to +1.00. When
. the first or second pulse is identified as the target and the

D=wi(ALy)+w(AL2) Fe, D Jistener is instructedpto ignore the nontarget pulse, the ideal
where thew's are the observer's weights for the level weighting strategywhich maximizes percent corréds one
changes between interval@ dB) of the first and second in which the observer gives the target pulse a weight of
pulses(as indicated by the subscript@nde is an additive  +1.00 and the nontarget pulse a weight of 0.00. Such a
error term encompassing all variability unaccounted for byweighting strategy will produce 100% correct for the ideal
the weighted levels. The valuaL for each pulse is the noiseless observer. To the extent that weight is given to the
change in level of each pulse across interv@sy., AL;  nontarget pulse, performance will fall below 100% correct.
=L;—L, from Fig. 1, or, equivalently, the difference be- when the listener is instructed to respond to the level of the
tween each pulse and the mean pulse level. Responses & gond pulse relative to that of the fifte difference con-
assumed to be based on the valueDobuch that listeners dition), the ideal weighting strategy is one in which the
respond pulses are weighted equally but with opposite signs, that is,

“quieter” if D<k; “louder’ if D>k, the v_veight for_the second_ puIs_ei'sL_).SO and the v_veight for
) the first pulse is—0.50. This weighting strategy will produce

“quieter” or “louder” randomly if D=k, 100% correct for an ideal observer in the difference condi-

wherek is the value of the criterion adopted by the listener.tion- ) . o
In the absence of response biswill be equal to zero, the Even if the human observer uses the optimal weighting

mean change in level of each pulse across all trials. Equatiopirategy, performancepercent corregtwill be adversely af-
(2) represents rescaling of the continuous internal decisiofected by the presence of other sources of vgnab[lttyn
variableD as a dichotomous response variable. The relativéd- (1)] that are unrelated to the sum of the weighted levels,
weight given to the level information of a given componentSUCh as the discriminability of the level changes in the indi-
[in Eq. (1)] is proportional to the correlation between the vidual pulses or interference in the memory trace of one
trial-by-trial levels for that component and the listener's bi- Pulse produced by another pulse. However, the error term
nary responses. cannot be computed directly because the listener’s responses
In the results reported here, tmeagnitudes(absolute —are the result of generating dichotomous responses using Eq.
values of the correlation coefficientgather than the actual (2) from values of the continuous variabllein Eg. (1).
correlation coefficientswere normalized to sum to 1.00, and Although the error term cannot be computed directly, its
the sign of each original correlation coefficient was retained.relative influence across experimental conditions can be es-
This was done in order to deal with situations in which negatimated indirectly. An estimate of the relative influencesof
tive correlations were obtained. When negative correlation$? Ed. (1) indicates how well the weighted combination of
are obtained, normalizing the actual correlation coefficientdevels alone accounts for the listener’s responses. One way in
produces weights beyond the range-cf.00 to+1.00. Nor- ~ Which the relative influence of the error term across condi-
malizing the magnitudes of the correlation coefficients moreions can be estimated is by computing the percentage of the
accurately reflects the relative weight given to each compolistener’s responses that can be predicted by the listener's
nent across conditions. The sign of each weight then simplyveights In order to calculate this percentage, the computed
indicates whether the listener's responses were consisteeights were inserted into Eql) and & was set to zero.

with (+) or opposite td —) the direction of the level change Simulated responses were obtained by inserting into(Bq.
of that component. the actual levels that were presented to the listener on each

trial and using Eq(2) to generate a respon$&he percent-
age of simulated responses that agreed with the listener’s
actual response@he percentage of responses predicted by
One can consider the weighting strategy used by an idedhe weight$ was then computed. This value is inversely re-
observer that performs the task optimally, that is, a “noise-ated to the relative contribution @fin the decision process.
less” observer that maximizes percent correct. In these exf £ =0, then 100% of the responses can be predicted by the
perimental tasks, every trial has an unambiguously correaweights{when Eq.(2) is used to generate dichotomous re-
response based on either the level change of the target or tisponses from the continuous varialdd. As ¢ becomes
difference between the levels of the two pulses. Thus aterge, the percentage of responses predicted by the weights
ideal noiseless observer that weights the information optiwill drop to a lower limit of 50%. Furthermore, the particular
mally for a given task will achieve 100% correct. When aweighting strategy that is adopted by the listener becomes
human observer fails to achieve 100% correct, one cairrelevant when the weights predict a very low percentage
evaluate the extent to which imperfect performance resultgnear 50% of the responses. In such cases, the weights have
from (1) inappropriate weighting of the levels of the two essentially no predictive valugesponses are uncorrelated
pulses or(2) the influence of additional sources of variability with the levels of either pulse A comparison of the influ-
other than the sum of the weighted levels. ence ofe across conditions indicates which conditions are
The listener is said to use a nonoptimal weighting stratinfluenced to a greater or lesser extent by factors other than
egy when the relative weights for that listener differ from thethe weighted level changes. In practice, it is unlikely that the

2. Interpretation of observer weights
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correct as a function of IPI in all of the target-1 conditions
(open symbolsand target-2 conditionilled symbol3. Tri- IPI (ms)

angles represent the conditions in which the level of the NONE|G. 3. In the top panel, percent correct is replotted from Fig. 2 for the
target pulse was fixed, and circles represent the conditions ifarget-1/variable-2 and target-2/variable-1 conditions. For the same condi-
which the level of the nontarget pulse varied. The error bargons, the middle panel shows the target weight and the bottom panel shows
indicate standard errors of the mean. The dashed and dott percentage of responses pred_ictec_i by the weights, both as a function of
. : L . All data are averaged across five listeners. Error bars represent standard
horizontal lines near the top of the panel indicate the averaggors of the mean.
percent correct anct1 standard error of the mean, respec-
tively, for these listeners in the baselifgngle puls¢ con-
dition. weights are simply 1.00 minus the target weights that are
On average, percent correct was lower when two pulseplotted in the middle panel of Fig. 3. Although negative
were present relative to performance in the single-pulse corweights are possible, all average weights for both the target
dition except for the longest IP(256 mg, where perfor- and nontarget pulses were positive in these conditions. The
mance was essentially equal across conditions. In additiodjottom panel of Fig. 3 shows the percentage of responses
there was a substantial decrement in performance when th@edicted by the weights for the same conditions. The ordi-
level of the nontarget pulse varied from trial to trialrcles nate in the bottom panel has been inverted to reflect the
relative to conditions in which the level of the nontargetinverse relationship between the percentage of responses pre-
pulse was fixedtriangles for all but the longest IPI. dicted by the weights and the relative influence of variance
In the top panel of Fig. 3, percent correct scores from thedue to factors other than the weighted sum of the pulse lev-
target-1/variable-2 conditiofopen symbols and target-2/ els. Thus higher relative amounts of unexplained variance
variable-1 condition(filled symbolg have been replotted are represented toward the upper portion of the panel.
from Fig. 2. The middle panel of Fig. 3 shows the average  The pattern of weights in the middle panel of Fig. 3 is
normalized target weights as a function of IPI for the samesimilar to the pattern of performance shown in the top panel.
conditions.(For the conditions in which the nontarget level High percent correct values in the top panel correspond to
is fixed the relative weights are undefinedBecause the high target weights in the middle panel, with a similar cor-
weights were normalized to sum to 1.00, the nontargetespondence for lower values. Percent correct was slightly
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higher for the target-2 conditioffilled symbolg relative to 100 ¢ : ' 100
the target-1 conditioiopen symbolsfor IPIs of 32 ms and ol
less, and the same is true for the average target weights. I@
contrast, the percentage of responses predicted by th@ seo}
weights (in the bottom panelremains relatively constant ;
across IPI with a slight increase at the largest IPI. In other§
words, relative performance across these conditions is more ¥ gpt
closely associated with the relative weights given to the two
pulses and is not influenced to a great extent by differences 0
in the amount of additional unexplained variance across IPI.
Recall that the optimal weighting strategy that would

produce the maximum percent correct is one in which theg
target is given a weight of 1.00. The target weight ap—@ 0.0
proaches but does not reach 1.00 at the largest IPI, indicating
that changes in the level of the nontarget pulse influenced® 4
responses at all IPIs. As IPI increases from about 16 ms, the
target weight becomes largdcloser to optimal Target A0k
weights were at a minimum for IPIs around 8—16 ms. For 4 %0
these intermediate IPIs, the greatest nontarget weights werg
computed. The weight given to the target was slightly higherE
at the shortest IP(2 ms.
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4. Difference condition

3| A

90 90 F
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RESP. PREDICTE

In the difference condition, two pulses with randomly
and independently chosen levels were presented in the obse= L . 100
vation interval of each trial, and listeners were instructed to 1 0 100 1000 A 10 100 1000
indicate whether the level of the second pulse was higher or IP1 (ms) IPI (ms)
lower than that of the first pulse. The results for the differ'FIG. 4. The results of the difference condition, plotted in the same format as
ence condition were less consistent across listeners thaan. 3. Results are shown for listeners S1 and S2 in the left-hand column and
those for the previous conditions, so the data are presentdef listeners S3 in the right-hand column. In the middle panels of both
individually in Fig. 4. Data for listeners S1 and S2 were column;, open and filled symbols represent weights for pL_lIse 1 ar_1d pulse 2,

e L . respectively. Each symbol type represents results for a different listener, as
qualitatively similar to one another, and are plotted in thejngicated in the legend.
left-hand column of Fig. 4in the same format as the data
shown in Fig. 3. Data for listener S3 were somewhat differ-
ent and are plotted separately in the right-hand column. Imcross IPI was less dependent upon the particular weighting
the middle panel of each column, the filled symbols arestrategy adopted by the listener and more influenced by ad-
weights for the second pulse and the open symbols argitional, unexplained sources of variability than in the
weights for the first pulse. Different symbol types representarget-1 and target-2 conditions.
different listeners, as shown in the figure legend. Due to  Listener S3(right-hand column of Fig. ¥ provided a
unavailability, S3 did not provide data for the smallest(Pl  slightly different pattern of results. Percent correct was at a
ms). maximum for the largest IPI, as for the other two listeners,

For S1 and S2left-hand column of Fig. # percent and quickly dropped to near chance as IPl decreased.
correct followed the same pattern in the difference conditionyeights of opposite sign were obtained only for the largest
as in the previous conditiorishown in Fig. 3. Best perfor-  |PI, although slightly larger weight was given to the second
mance was obtained at the largest (256 mg and a mini-  pulse in all conditions, as was seen for the other two listen-
mum was observed at intermediate 188 ms for S1, 16 ms ers. It appears that at the shorter IPIs, S3 had substantial
for S2). Recall that the optimal weighting strategy for the difficulty with the difference task and adopted a strategy of
difference condition is one in which the weights are equal inmerely responding to the change in overall level between
magnitude but with opposite sigtt-0.50 and—0.50. In intervals, with the second pulse weighted slightly more
contrast to the results for the target-1 and target-2 conditionseavily.
the weighting strategies for these two listendrsiddle . .

. . . C. Discussion

pane) remained fairly constant on average and nearly opti-
mal across IPlIgalthough the second pulse was given slightly The results indicate that, over the range of IPIs tested
greater weight, as shown by the relative magnitudes of thaere, listeners were unable to completely ignore an adjacent
weights, while the variation in the percentage of responsegsemporal segment of a stimulus that was qualitatively similar
predicted by the weightgottom panelwas more similar to  to the target segment when performing an intensity discrimi-
the variation in percent correct. As the relative amount ofnation task. For 10-ms, 1-kHz pulses separated by intervals
unexplained variability increased, percent correct decreaseftom 2 to 256 ms, the nontarget pulse influenced the re-
It appears that in the difference condition, performancesponses of the listener. Listeners appeared to have the most
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difficulty ignoring the nontarget pulse at intermediate IPIsauditory event, with the change in loudness across the pulses
(around 8-16 ms with better performance at longer and producing a qualitative difference depending on the direction
shorter IPIs. The target weight was slightly greater when thef the change(Note that there are no long-term spectral
second pulse was the targebmpared to when the first pulse differences between the time-reversed soft—loud and loud—
was the target soft tone sequences used by Green when one considers the
The difference task is similar to the tasks requiring tem-spectrum of the entire tone sequendst intermediate IPIs,
poral order judgments that were described in the Introducthese qualitative differences become more difficult to hear as
tion, although here the levels of the pulses were randomizethe pulses become more distinct. At long IPIs, the listener
from trial to trial. For listeners S1 and S2, there is somecan clearly perceive two distinct pulses and the ordering of
indication that percent correct is lowest for IPIs aroundtheir intensities can be easily followed.
16—32 ms, consistent with the results of Babkoff and Sutton  The idea that intensity information in a sequence of tone
(1963 and Green(1973, but the nonmonotonicity in perfor- pulses is processed as a number of short-term looks does not
mance across IPIs is not nearly as pronounced as in the pranply that the listener necessarily perceives the pulses as
vious studies. Greef1973 observed that the nonmonotonic- individual auditory events. The fact that weights of opposite
ity was most evident in the data of unpracticed subjects. Theign and nearly equal magnitude were obtained for two lis-
large number of trials run in the present study may haveeners at short IPI's indicates that the levels of the two pulses
served to reduce this effect. effectively were processed independently. The effect is simi-
Note that the stimuli in the difference condition were lar to that in situations involving the detection of amplitude
statistically identical to the stimuli in the target-1 and modulation at high modulation frequencies. Although
target-2 conditions with variable nontargets. Listeners S1‘roughness” might be perceived rather than discrete fluctua-
and S2(and S3 to some extendltered their weighting strat- tions in intensity(Wright and Dai, 199§ the fact that the
egies depending upon the specific task at hand. Slightl§luctuations can be detected at all indicates that at some level
greater positive weight was given to the target pulse in thef processing the fluctuations are resolved by the auditory
target-1 and target-2 conditions, with relatively small posi-system. When the task requires listeners to selectively pro-
tive weight given to the nontargéfig. 3). In the difference cess a particular peak in the fluctuating waveform, as in the
condition, weights of more similar magnitude but oppositepresent target/variable task or Schlawttal. (1999, the in-
sign were given to the two pulsg&ig. 4). Although the ability to perceptually segregate the fluctuations limits their
weights for only two of the three listeners varied in a mannembility to do so.
consistent with the task instructions across all IPIs, this pro-  One reason that listeners may have tended to perceptu-
vides support to the notion that the levels of the individualally fuse the stimuli in the present experiment at short IPIs is
pulses were treated as individual “looks” by the auditory that the temporal segments of the signal were qualitatively
system. If the level information were completely integratedsimilar (having the same frequency and durajidh is pos-
across pulses, the weights would have been approximatekible that listeners would be more able to selectively process
equal and with the same sign across all conditions. the temporal segments of a stimulus if they were more quali-
In the target/variable conditions, relative performancetatively dissimilar, for example, if they were tones of differ-
across IPIs was primarily determined by the weighting stratent frequencies or durations. The implication is that interac-
egy adopted by the listeners. Decreases in percent correttbns in the processing of intensity information in the
were associated with increases in the weight given to théndividual pulses occur at some more central level of pro-
irrelevant nontarget pulse. In contrast, for two of the threecessing, after the intensities of the individual looks are ex-
listeners in the difference condition, relative performancetracted at more peripheral levels. This is, in effect, the basic
was not strongly related to the listeners’ weighting strategypremise of the multiple-looks hypothesis.
The weighting strategy was nearly fixed and close to optimal ~ The results also may have been influenced by the type of
across IPI. Decreases in performance were mirrored by ineue that was used, specifically, two pulses fixed in level at
creases in additional, unexplained variability in responseshe mean level of the variable pulses. Perhaps the two-pulse
(For the third listener in the difference condition, perfor- cue influenced the listeners to perceptually combine the two
mance declined as both the weighting strategy became nopulses in both intervals even at the larger IPls. Perhaps a
optimal and the variability increasgdThus it appears that one-pulse cue would encourage the listener to hear out the
listeners adopt a weighting strategy that is closer to optimalarget pulse more readily, or perhaps presenting only the ob-
when they are required to make decisions based on the entiservation interval on each trial with no cue would produce
stimulus rather than on certain temporal segments of theuch results.
stimulus. To examine these possibilities, some of the conditions of
Green (1973 suggested that performance in the dis-experiment 1 were repeated with no cue and with a cue con-
crimination of temporal order exhibits a nonmonotonicity be-sisting of only one pulse at the mean pulse level. The target-
cause two different mechanisms are at work at short and longy/variable-2 conditions of experiment 1 were repeated with
IPIs, with neither mechanism extremely effective at interme-these different cues for IR12, 32, and 256 ms. The results
diate IPIs. At very short IPIs, listeners perceive a slightare shown in Fig. 5 for listeners S1 and S4 in the same
qualitative difference between stimuli consisting of a soft—format as Fig. 3. The observation interval of each trial was
loud tone sequence versus a loud—soft sequence. Apparentlgentical to those of experiment 1, while the cue consisted of
with brief IPIs listeners perceive the two pulses as a singleither one pulsdfilled squares or two pulses(“time 2,”
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St S4 level of the nontarget was fixe(Fig. 2, triangles In this

100 100 condition, listeners were required simply to indicate the di-
5 90f 90 rection of a level change occurring during the observation
g interval without the possible additional burden of ignoring a
g ® % 8oy potentially conflicting level change, or of attributing two
z 70 70| level changes to their respective temporal positions. The de-
g I i Il performance in the target/fixed conditions
i 60 1 ;Egtgg SBE (TIME 2) | 60 crease m overa P i i 0 i i
o T 5-PULSE GUE (TIVE 1 suggests that just-noticeable d|fferen¢¢NDs) for intensity
50 : - 50 ‘ may be pooreflargey for a tonal pulse in the presence of a
£ 10 1.0 ' second, fixed tonal pulse of the same frequency and duration.
2 ool A\/ 0.9 Such an effect was observed by Plagtkal. (1995. An in-
E sl & 08 crease in intensity JNDs in the presence of a fixed nontarget
0 would be predicted if intensity information were simply in-
E 07 A// 07 tegrated across the two pulses, but the patterns of weights
N 06 06} seen in the various conditions described above, in particular
§ 05 05k the fact that different patterns were obtained depending on
?é oal ‘ oa ‘ . the specific task, suggests that level information in the two
50 50 pulses was processed independently, at least to some extent.
§ To explore this issue further, an additional experiment was
z %1 1 performed to examine the effect on intensity JNDs of a fixed
2 7ol 70 nontarget pulse.
Q
"D"' 80 80 1
z ﬁ % Il. EXPERIMENT 2: INTENSITY JNDs
‘;’3 90 %t ] In this experiment, intensity JNDs are measured for a
2 00 100 tonal pulse in the presence of a second, temporally discrete
! 10 100 1000 1 10 100 1000 tonal pulse with a fixed level. Both pulses have the same
IPI(ms) IP1 (ms) frequency and duration. Intensity JNDs are measured as a

FIG. 5. Data from two listeners for selected conditions of experiment 1’funct|on of the F'me between the two puls@sterpulse in- )
repeated with different types of cues, as indicated in the legend. Results at€rval, IP), ranging from 2 to 256 ms. JNDs are measured in

plotted in the same format as Fig. 3. Data for the two-pulse cue condition agonditions in which the level of the fixed pulse-isl0, O, or
ngaetelr\:jv:tr: gathered for experiment 1; all remaining data were collected 30 dB relative to the pedestal level of the target puise
' separate conditionsintensity JNDs are also measured for a
single pulse in isolation. If intensity simply is integrated

filled triangles, or the observation interval was presentedacross the pulses, then, relative to the single-pulse condition,
with no cue(filled circles. The two-pulse-cue condition was intensity JNDs must increase by 0.41, 3.0, and
rerun because these data were gathered several months affer4 dB [ 10 log(Al/I)] for relative nontarget levels of 10,
the original data. The original two-pulse-cue data for thes@) and 10 dB, respectively, in order to maintain a particular
listeners from experiment {‘time 1,” open triangles are  value of the Weber fraction.
replotted for comparison.

It appears that the specific type of cue, including the
complete lack of a cue, has little effect on the results. For Sf' Methods
the results for no cue and a one-pulse cue are essentially the A two-interval, forced-choice procedure was used in
same as those for the two-pulse cue at both times 1 and 2. Sihich one interval of each trial contained the target pulse at
produced the highest target weights for the two-pulse-cués pedestal level and the other interval contained the target
condition at time 2, and identical, slightly lower target pulse at its pedestal level plus an increment. The listener’s
weights for the no-cue and one-pulse-cue conditions at IPlask was to select the interval containing the incremented
=32 and 256 ms. All of the target weights for S1 measuredarget pulse. In conditions involving a nontarget pulse, it was
at time 2 were slightly larger than those measured at time Ipresented in both intervals at a fixed level. In separate con-
representing a practice effect similar to that documented bylitions, the level of the nontarget pulse was fixed-4i0, 0,
Leek and Watso1984. This type of practice effect was not or 10 dB relative to the pedestal level of the tar@et., 65,
seen for S1 when some of the conditions were repeated at thé, or 85 dB SPL JNDs were measured for the first pulse as
time of the initial data collection. In spite of the larger targettarget and, separately, for the second pulse as target. Inten-
weights over time for S1, both listeners still show the samesity INDs were also measured for a single pulse in isolation.
general result as the original data: the largest target weightBhe pedestal level of the target was 75 dB SPL in all condi-
were obtained for IR+256 ms with substantially lower tar- tions.
get weights at IP£2 and 32 ms. JNDs were measured adaptively using a three-down

A result that is not predicted by the multiple-looks hy- one-up tracking rule that estimated the 79.4% correct point
pothesis is the observation that a second nontarget pulse afn the psychometric functiofievitt, 1971). In each adaptive
fected intensity discrimination performance even when theun, the step size of the increment was 4 dB, in units of
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10log@l/), until four reversals were obtained, after which - ' 1
the step size was changed to 2 dB until a total of 12 reversals 10 1
were obtained. The average of the increments at which the r §
last eight reversals occurred was calculated as the JND est 8| ]
mate for each adaptive run. Four such estimates were avel
aged to obtain a final estimate of the listener’s intensity JND [ ]
in each condition.

Both the target and nontarget pulses had the same pe_,
rameters as those used in the previous experiment: 1-kHS
tones, 10 ms in duration, with 5-ms on—off ranips steady
statg. Within each interval, the target and nontarget pulseso Y
were separated by the IPI, which ranged from 2—-256 ms anq‘_l_j | TARGET: PULSE 1
which was defined as the time between the offset of the firs€ = = = = ‘ = =

i NON-TARGET LEVEL: —@— -10 dB
pulse and the onset of the second pulse. The two intervals og 1oL ¥ -O-0dB
each trial were separated by 500 ms of silence. A —w— +10dB |

Four listeners from the previous experiméall except
S3 participated in this experiment. All conditions of the ex- L .
periment were run in a pseudorandom order chosen by th® &} .
experimenter. - .

F O 4

0g(A
N

ND DIFF
[o]

L O 4
B. Results and discussion 2t .

The difference between the intensity JNDs for each two- PY
pulse condition and the one-pulse condition was computec | TARGET: PULSE 2
for each listener in units of 10lo4(/1). The form of these : :
differences was similar for all listeners and thus were aver-
aged across listeners. Figure 6 shows these average diffei-
ences, with the top and bottom panels representing data f@iG. 6. The differences between intensity discrimination thresholds in the
conditions in which the first or second pulse, respectivelywo-pulse conditions and the threshold for one pulse, plotted as a function of

was the target The symbol type indicates the level of thépl' Different symbol types indicate the level of the nontarget pulse with
) respect to the level of the target pedestal, which was always 75 dB SPL. The

nontarget pUIse with respect to the target pedEStal level. Th?pper panel shows data for conditions in which the first pulse was the target,
points plotted separately on the left-hand side of the panelsnd the lower panel shows data for the second pulse as the target. Each
indicate the threshold differences that would be predicted ifeparate symbol at the left of the panels indicates the threshold increase that
perfect integration across the two pulses occurred. would' be predicted for each nontarget level assuming perfecF temporal in-
. . C . tegration of the pulses. The data are averaged across four listeners. Error
Despite substantial variability in the actual size of JND s represent standard errors of the mean.
differences between subjects, it can be seen that JNDs in-
creased with increasing nontarget level roughly independent
of IPI. In most cases, particularly for the1l0 and+10 dB  reduced in their experiment, the pedestal and increment were
nontargets, the actual JNDs could not be predicted by assursufficiently masked by the nontarget pulse that the intensity
ing perfect temporal integration of the pulses. JNDs weraliscrimination task became more like a detection task. Con-
higher than predicted for the-10 dB nontargets and they sistent with this explanation, in subsequent experiments,
were lower than predicted for theé 10 dB nontargets. Al- Placket al. found that intensity discrimination thresholds in-
though JNDs depended upon the level of the fixed nontargetreased as the level of a second pulse that was 12.5 ms from
component, the fact that they did not change with IPIl overthe target was reduced. It should be noted, however, that the
the range studied here indicates that changes in weightingtimuli used by Placket al. were more complicated than
strategy across IPI that were seen in experiment 1 cannot lbose in the present experiment, with a third pulse more tem-
accounted for by differential sensitivity to intensity changesporally remote from the target.
at different IPIs. Placket al. accounted for their results in terms of a ref-
Plack et al. (1995 presented results for a similar task erential coding hypothesis, whereby the listener can make
(their experiment 1, in which intensity JNDs were measured use of the second fixed pulse as an intensity reference and
for a 30-ms tone in the presence of a second 30-ms maskean encode the intensity of the target pulse in terms of its
tone that either preceded or followed the signal for IPIs rangintensity relative to the reference rather than in terms of its
ing from 12.5 to 200 ms. They also found that thresholdsabsolute intensity. Indeed, in the present experiment, when
were higher in all cases for the two-pulse condition relativethe nontarget pulse was equal in level to the target pedestal,
to a one-pulse condition, but thresholds decreased slightlgn each trial the listener was presented with two pairs of
with decreasing IPI. No such decrease was found in th@ulses, or three pulses of equal level and one pulse with an
present results. In the Plaek al. experiment, the level of the incremented level. It would seem that in the equal le@el
nontarget pulse was 80 dB SPL and the level of the targetB) condition, the listener could have used the fixed pulses
pedestal was 50 dB SPL. It is possible that as the IPI waas additional references, essentially getting additional

! i !

1 2 5 10 20 50 100 200 300
IPI (ms)
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“samples” of the pedestal level. However, even at the long-type of signal. For example, the present experiments and
est IP1(256 mg, thresholds in the two-pulse condition were those of Buug1999 and Viemeister and Wakefield 991
elevated relative to the one-pulse condition, which itself con-utilized signals consisting of temporally discrete tonal
tains two pulses separated by 500 ms on each trial. Thipulses. Although listeners in most cases used a nearly opti-
suggests that intensity discrimination thresholds in a onemal weighting strategy when all of the discrete pulses were
pulse condition, in which one pulse is presented in each ofo be used in performing a listening tagkg., detection of
two intervals, would increase as the time between the interthe pulses or comparison of the pulse leyelsonoptimal
vals is decreased from 500 to 256 ms. strategies were observed when listeners were instructed to
A number of studies have addressed the topic of interbase decisions on one pulse while ignoring the otlhsrin
ference between two intervals in an intensity discriminationthe target/variable conditionsAlthough detection of a sig-
task as a function of the time between the intery@Bnner, nal consisting of a series of tone pulses yielded optimal
1961; Sorkin, 1966; Taylor and Smith, 1975 general, it  weighting strategies, it is possible that a nonoptimal weight-
has been found that performance in a two-interval, two4ing strategy would be used when the task requires the lis-
alternative forced-choice task is maximal for an interstimulugener to detect a stimulus consisting of a single long-duration
interval (ISI) of about 500 ms. At shorter ISls, it is assumedtone. This was observed by Gilkey and Robin$b®86 and
that the close temporal proximity of the intervals creates inposited by Viemeister and Wakefie{@991 to account for
terference in short-term memory, limiting processing of ei-previous temporal integration data. In addition, the weighting
ther interval. For ISIs longer than about 500 ms, the memorgtrategy is influenced by the relative statistics of the param-
trace of the first interval presumably decays or becomes ineters of the stimulus elemenBerg, 1990; Lutfi, 199Pand
creasingly corrupted by noisginchla and Smyzer, 1967 by the characteristics of off-frequency maskésus, 1999.
which limits the accuracy of comparisons between the interit is clear that no single weighting strategy can account for
vals. None of these hypotheses nor the present results impperformance with all stimuli and listening tasks, but that the
simple temporal integration across stimuli for temporal sepaweighting of short-duration segments of a stimulus can ac-
rations greater than a few milliseconds. Rather, it is sugeount for a substantial portion of responses in many specific
gested that interference occurs between the information prdasks.
vided in the discrete temporal intervals at a central level of

processing. B. Comparison to binaural data

In an experiment that was a binaural analog to experi-
ll. GENERAL DISCUSSION ment 1 of the present study, Stellmaekal. (1999 mea-
A. Multiple-looks hypothesis sured weighting functions for two temporally separated

) o ) clicks with different interaural delays. In that study as in the

_Experiment 1 measured the weighting functions that depresent paper, listeners were instructed to respond to the in-
scribe the manner in which listeners use short-term looks &4mation in only one stimulus element or to compare the
the level of a stimulus in making decisions about changes iRtimylus elements to one another. Although the experiments
level at different temporal positions. In general, differentyere performed with mostly different listeners and slightly
weighting functions were computed when listeners were inyjitterent stimuli, a comparison of the data from the two ex-
structed to make different decisions about the stimuli eVeleriments suggests some possible similarities between the
though the stimuli were statistically identical across tria|5-weighting functions measured in the two tasks. For example
This indicates that listeners do in fact have access to leve}, ihe binaural task in which the interaural delays of both
information in brief segments of a stimulus, and that listenerg;jicks varied from trial to trial, percent correct on average
can make optimal use of that information to different degreegy a5 |owest for an intermediate range of interclick intervals
depending upon the temporgl separation o_f_the stimulus segg_3> ms. In addition, as in the present study, there was
ments. The results of the difference condition and those ofyjgence that performance was limited by two different fac-
Lutfi (1990 and Buus(1999 suggest that it is easier for (o5 at short and long interclick intervals: the precedence
listeners to adopt an optimal weighting strategy when thetect at short interclick intervalésee Litovskyet al, 1999,
task requires listeners to utilize the information in all of aso 3 recent review and an inability to discern the temporal
group of short-term looks that are closely spaced in timeqrqer of the interaural delays at longer interclick intervals, a
Listeners appear to have more difficulty selectively ignoringjimitation found in a number of sensory modalities by Hirsh
some of those looks, as in the target/variable conditions ofq Sherrick1961). Additional data would need to be gath-
experiment 1 and in Lutfi1992. This may be true _only fpr ered in both the monaural and binaural conditions from the
situations in which the looks are qualitatively similar, given same Jisteners in order to establish whether weighting func-
the results of Viemeister and Wakefield991), which  (ions at the larger range of IPIs might be driven by a com-

showed that changing the level of a noise burst temporally,on limitation on the ability to judge temporal order.
positioned between two tone bursts has no effect on detec-

tion thresholds for the two tone bursts.

As implied above, given that different weighting strate-
gies are observed for different tasks, and that there is some The weighting functions obtained in experiment 1 sug-
variability in weighting strategies across listeners, it is pos-gest that the auditory system treats long-duration stimuli as if
sible that weighting strategies also would be affected by théhey are composed of many short-term looks, with the infor-

C. Conclusions
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mation in each look weighted in a particular way depending Weights as a function of time,” J. Acoust. Soc. AG05, 2466—2475.
upon the task at hand. It appears that when informationBuus, S., Zhang, L., and Florentine, NiL996. “Stimulus-driven, time-

. o . : varying weights for comodulation masking release,” J. Acoust. Soc. Am.
bearing, qualitatively similar stimulus elements are separated99’ 29882297

by |e$s than about 1§ ms, listeners ag|opt a weighting strateg goer, E.(1985. “Auditory time constants: A paradox?,” iffime Reso-
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